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Abstract 
Simonkolleite nanoplatelets were deposited on 3D nickel foam-graphene (NiF-G/SimonK) by a rapid microwave-
assisted hydrothermal method. Field emission scanning electron microscope (FE-SEM) of the NiF-G/SimonK 
electrode revealed that the SimonK nanoplatelets were evenly distributed on the surface of NiF-G and interlaced with 
each other, resulting in a higher electrochemical performance compared to NiF-G and NiF/SimonK. Utilizing this 
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1. Introduction  
Recently, supercapacitors (SCs) have received increasing attention as a promising energy storage 
device [1], such as portable electronic devices and will become an attractive power solution to renewable 
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energy power generation [2]. Compared with conventional electrical double layer capacitors (EDLC) 
operating in a double layer formed on the electrode surface, which limits the specific capacitance and 
leads to lower energy density relative to their theoretical value, pseudocapacitors utilizing the charges 
accumulated during a faradaic reaction exhibit a higher capacitance (3–4 times) [3]. Up-to-date, the most 
attractive materials for pseudocapacitors are cheap transition metal oxides or hydroxides and conducting 
polymers [3]. However, they often result in compromises of rate capability and reversibility because redox 
kinetics is limited by the rates of ion diffusion and electron transfer [4]. To deal with the problems, 
attempts at novel electrode design have been extensively made, that is anchoring nanostructured active 
materials onto highly conductive substrates (e.g. carbon aerogels [5], conducting polymers [4], and 
graphene [6]) with large specific surface areas. 
 
In these regards, we explore a new two-step approach for growing Simonkolleite (SimonK) 
nanoplatelets on nickel foam-graphene. The first step is to grow graphene directly on nickel foam using 
CVD technique, which is considered as the most effective way for fabrication of large-area and high-
quality graphene films. The second is the deposition of SimonK on the as-prepared graphene-coated 
nickel foam by using a rapid microwave-assisted hydrothermal technique. The fabricated NiF-G/SimonK 
demonstrates larger specific capacitance at a higher current density. 
2. Experiments and methods 
2.1. Growth of graphene on nickel foam (NiF-G) 
Nickel foams (Alantum, Munich, Germany), 420 g1 m-2 in areal density and 1.6mm in thickness, was 
used as 3D scaffold templates for the CVD growth of graphene. It was cut into pieces of 1×2 cm2 and 
placed in a quartz tube of outer diameter 5 cm and inner diameter 4.5 cm. The precursor gases were 
CH4:H2:Ar. The nickel foam was annealed at 800 
oC in the presence of Ar and H2 for 20 min, before the 
introduction of the CH4 gas at 1000 
oC. The flow rates of the gases (CH4:H2:Ar) were 10 sccm: 10 sccm: 
300 sccm, respectively. After 15 min of deposition, the sample was rapidly cooled by pushing the quartz 
tube to a lower temperature region.  
2.2. Growth of simonkolleite on NiF-G 
Simonkolleite nanoplatelets Zn5(OH)8Cl2·H2O were deposited directly on the NiF-G using a simple 
microwave-assisted hydrothermal technique . A 25 ml Pyrex® round-bottom tube was filled with an 
equimolar (10−1 M) aqueous solution of Zn(NO3)2·6H2O, HMT and NaCl. Subsequently, the NiF-G 
samples were immersed in the solution and subjected to microwave irradiation of 700 W under a pressure 
of up to 100 bar for 1h in a single-mode microwave reactor which is pre-pressurized with N2 gas to 
prevent boiling of the solution. Thereafter, the microwave reactor was allowed to cool down to ambient 
temperature. The final NiF-G/SimonK composite was obtained after washing and drying. 
2.3. Results and Discussion 
Field-emission SEM (FE-SEM) was used in this study to confirm the morphology of the deposited 
SimonK nanoplatelets on NiF-G (NiF-G/SimonK) as shown in Fig. 1. It can be seen from Fig. 1(a) that 
the 3D NiF-G/SimonK is a porous structure (pore size of ~0.15–2 mm) and it is clearly shown that the 
nanostructured SimonK is densely anchored onto both sides of NiF-G surface. At higher magnification, it 
is observed that the SimonK nanostructures are hexagonal and platelet-like (Fig. 1(b)). The diameter of 
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the SimonK nanoplatelets is about 200–400 nm, and the thickness is about 30 nm which confirm the 
nano-nature of the obtained material. Ripples and wrinkles of graphene were also observed on the surface 
of Ni foam (Fig. 1(b)) which arises from the different thermal expansion coefficients of Ni and graphene 
[7]. Those wrinkles can provide graphene with a large surface area and good mechanical properties [7]. 
The 3D graphene network grown on Ni foam was used as templates to construct NiF-G/SimonK electrode 











Fig. 1. FE-SEM micrographs of (a) SimonK deposited on NiF-G; (b) high-resolution image of the SimonK nanoplatelets deposited 
on NiF-G 
The structural characterization of the NiF-G/SimonK composite was investigated by X ray diffraction 
(XRD) and Raman as shown in Fig. 2. The diffraction peaks in the 2T range 20˚–70˚ correspond to the 
characteristic reflections of SimonK material Fig. 2(a). The identification of all Bragg diffraction peaks 
confirms the crystallographic phase of the SimonK nanoplatelets and is ascribed to pure rhombohedral 
simonkolleite (JCPDS No. 07-0155) with lattice constants a and c of about ׽6.337 Å and ׽23.643 Å 
respectively and space group R3m. The strong diffraction peaks at the 2T values 44.38˚ and 51.71˚ are 
associated with the Ni-foam and are indexed with an asterisk. In particular, the sharp peak at the 2T value 
of 26.43˚ corresponds to graphene formation, which indicates a good crystalline structure with an 











Fig. 2. (a) X-ray diffraction pattern of the NiF-G/SimonK electrode; (b) Raman spectra of NiF-G and NiF-G/SimonK electrode 
  
The Raman spectrum of NF-G shows two prominent peaks at ~1591 and 2726 cm-1, corresponding to 
the characteristic G and 2D bands of graphene Fig 2(b). The fact that the D band is not visible in the 
spectrum signifies that the sample is free of defects. The Raman peaks at 400, 488 and 732 cm−1 indexed 
by an asterisk, which agree very well with what are found in the literature (390, 482 and 730 cm−1) [6], 
were assigned to SimonK. A peak at 293 cm−1 was attributed to the Zn–Cl bond and that at 358 cm−1 to 
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Zn–O which had a vibration characteristic of a SimonK structure. Several smaller peaks at ~592, ~926, 
~969, ~1077, ~1154, ~1466 and ~1778 cm-1, also indexed by an asterix, result from the multiple-phonon 
scattering process in the synthesized SimonK microplatelets. 
 
Fig. 3(a) compares the CV curves of NiF-G, NiF/SimonK and the NiF-G/SimonK electrode measured 
in a potential window of 0–0.5 V at scan rate of 25 mV·s−1 in 4.0 M KOH electrolyte. NiF-G exhibited 
low-intensity current peaks due to the quasi-super hydrophobicity which is attributed to poor surface 
wetting and thus the reduced accessibility and utilisation of the available surface area [8]. The CV curve 
of the NiF/SimonK in Fig. 3(a) has an ill-defined shape. The reason for this could be an increase in the 
particle size of the SimonK owing to aggregation, resulting in retarded transport of electrolyte ions. 
Compared with the curve of the NiF/SimonK, that of the NF-G/SimonK composite showed a much better 
mirror image with respect to the zero-current line and a more rapid current response on voltage reversal at 
each end potential. These results indicate the much higher electrochemical reversibility of the NF-
G/SimonK composite between 0 and 0.5 V. This is probably due to the fact that graphene becomes 
entangled with SimonK and provides unobstructed pathways for K+ transport during the rapid charge–
discharge process. In addition, the high conductivity of the graphene facilitates the transport of electrolyte 











Fig. 3. (a) CV curves of NiF-G, NiF/SimonK and NiF G/SimonK electrodes at a scan rate of 25 mV s-1 in 4.0 M KOH electrolyte; 
(b) galvanostatic charge-discharge curves of the NiF-G/SimonK electrode at different current densities 
 
Fig. 3(b) shows the first discharge curves of NiF-G/SimonK at galvanostatic current densities of 1, 2.5, 
5, 7.5 and 10 Ag-1 in the potential range of 0-0.5 V. The shape of the discharge curves shows the 
characteristic of pseudo-capacitance, in agreement with the results from CV test. The specific capacitance 
can be calculated according to the following equation: 
 
 
                    (1) 
 
 
where Cm (F g-1) is the specific capacitance, I (mA) the discharge current, 't (s) the discharging time, 'V 
(V) represents the potential drop during discharge process, and m (mg) the mass of the active material 
within the electrode. Based on equation (1), the values of the specific capacitance calculated from 
discharge curves for NiF-G/SimonK are 836, 748.1, 639, 582.3 and 520 F g-1 at 1.0, 2.5, 5.0, 7.5 and 10 A 
g-1, respectively. This demonstrates that the obtained NiF-G/SimonK electrode possesses a high and 
stable specific capacitance at high charge/discharge rates, which is very important for electrode materials 
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3. Conclusion 
A rapid microwave assisted synthesis of simonkolleite on NiF-G for high performance 
supercapacitors was demonstrated. The NiF-G/SimonK electrod material exhibits a high specific 
capacitance, i.e. a maximum specific capacitance of 836 F g-1 at a current density of 1 A g-1. Graphene 
play an important role in enhancing the electrochemical performance of simonkolleite. The results 
discussed in this paper indicate that this nano-electrode possesses relatively high specific capacitance, 
which offers great promise for applications in composite supercapacitors. 
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